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Abstract 
The State Key Laboratory of Fire Science has been investigating bromofluoroalkenes as Halon replacements for several years. One of the 
leading candidate agents of bromofluoroalkenes is monobromotrifluoropropene, (CF3CBrCH2, CAS Code 1514-82-5) for its high fire 
extinguishing efficiency and short atmospheric lifetime. In this paper, a synthesize method for CF3CBrCH2 is studied and the purity of 
synthesized production is measured by Gas Chromatograph-Time of Flight Mass Spectrometer above all. And then, the conformer, bond 
length and bond angle of CF3CBrCH2 are calculated by ab initio method. According to calculation results, possible decomposed products 
in high temperature and chemical fire-extinguishing mechanisms in flame are discussed. Finally, in order to make CF3CBrCH2 release fire 
protection area easily, nitrogen is mixed with it to form binary fire extinguishing agent. The fire suppression ability of binary fire-
extinguishing agent of nitrogen and CF3CBrCH2 is measured in a confined room. From experimental results, it is concluded that the 
binary fire extinguishing agent of nitrogen and CF3CBrCH2 owns higher fire extinguishing efficiency and its spray characteristics are 
perfect, so it is a kind of potential Halon alternatives. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
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1. Introduction 
Ever since Halon 1301 was targeted as a serious ozone-depleting substance, developing and manufacturing non-ozone-
depleting replacement agent has attracted the international research interests [1-3]. For a potential Halon alternative, the 
fire-extinguishing agent with all of its desirable properties is proved difficult. The Next Generation Fire Suppression 
Technology Program had developed a list of criteria to guide the search [4]. (i) Fire suppression efficiency is at least 
comparable to Halon 1301 and higher than the hydrofluorocarbons. (ii) Short atmospheric lifetime (current preference of the 
order of a month), and minimum potential environmental contamination. (iii) Boiling point is sufficiently low and fire 
extinguishing concentration can be achieved within a specified time. (iv) The toxicity is low in fire extinguishing 
concentration. 
Monobromotrifluoropropene (CF3CBrCH2, CAS Code 1514-82-5), composed of molecular structures containing both a 
carbon-carbon double bond and a bromine atom, was studied by the State Key Laboratory of Fire Science in University of 
Science and Technology of China. The justification for its further consideration as Halon replacement is the expectation that 
it will have short atmospheric lifetimes due to the propensity of alkenes to undergo addition reactions with OH radical at the 
site of the double bond [5-6]. At the same time, the presence of Br atom suggests that these compounds have a high degree 
of fire suppression efficiency [7]. So the bromocarbon containing carbon-carbon double bond is tropodegradable and keeps 
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high fire suppression efficiency [8]. Some researchers have proved that the ozone destroying potency and the globe 
warming potency of CF3CBrCH2 is zero [9]. Besides that, CF3CBrCH2 was also measured by the Jiangsu Provincial 
Supervising Testing Center for Products Quality for its erosions. The test results show that CF3CBrCH2 has mild erosion to 
metal [10]. 
However, there is no mature production route for CF3CBrCH2 and quite little research about CF3CBrCH2 fire 
suppression efficiency presently [11, 12]. Besides that, CF3CBrCH2 is liquid at room temperature and atmospheric pressure, 
so it is difficult to spray out in fire suppression process. In order to help CF3CBrCH2 releasing into the fire area quickly and 
improve its fire extinguishing performance, nitrogen is mixed with it to form binary fire extinguishing agent. In this paper, a 
viable synthesis method for CF3CBrCH2 is explored based on CF3CH=CH2 and liquid bromine. Furthermore, the conformer, 
bond length and bond angle of CF3CBrCH2 are calculated by ab initio method. According to calculation results, possible 
decomposed products in high temperature and the chemical fire-extinguishing mechanisms in flame are discussed. Finally, 
the fire extinguishing efficiency of the binary fire-extinguishing agent of nitrogen and CF3CBrCH2 is studied experimentally. 
2. The synthesize process of CF3CBrCH2 
By theoretical analysis and experimental study, the synthesized process of CF3CBrCH2 is described as follows [13, 14]. 
2.1. Preparation of CF3CHBrCH2Br 
CF3CH=CH2 was bubbled into liquid bromine by the speed of 2 L/min, the mixture was stirred for 3 h~4 h, and was 
cooled to 0 °C ~3 °C. After the color was changed from red to colorless, collected the product, CF3CHBrCH2Br. 
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Fig. 1. Composition of the synthesized production. (a) gas chromatogram of the synthesized production; (b) mass spectrogram of the synthesized 
production. 
2.2. The yield of CF3CBrCH2 
Above all, we dissolved KOH in alcohol to form concentrated KOH solution. And then, CF3CHBrCH2Br was slowly 
dripped into the KOH solution at 39 °C~46 °C, and CF3CHBrCH2Br reacted with KOH at once. Finally, the mixture was 
distilled under reduced pressure and gave the goal production, CF3CBrCH2. 
2.3. The purity measurement of CF3CBrCH2 in synthesize process 
The purity of CF3CBrCH2 that synthesized and separated by the above process is measured by Gas Chromatograph
Time of Flight Mass Spectrometer (GC-MS), which is produced by Micromass U.K. LTD. The experiment results are 
shown in Fig.1. From Fig. 1, we know that the CF3CBrCH2 purity in the finally production is 92.35 wt%. 
3. The fire suppression mechanism of CF3CBrCH2  
In order to clarify the chemical fire suppression mechanism of CF3CBrCH2 and prove it owns high fire suppression 
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efficiency in theory, CF3CBrCH2 decomposed process is calculated by ab initio method. 
3.1.  Quantum chemistry calculation method 
DFT method accompanied with 6-311++G** basis set was employed to calculate all the stable conformers, total energies, 
dipole moments of CF3CBrCH2. The calculation was finished with Gaussian 03 program [15, 16]. 
3.2. The calculation results and discussion 
The obtained two stable conformers of CF3CBrCH2 are shown in Fig. 2. The Cartesian coordinates are listed in Table 1, 
the energy of the two conformers, zero point vibration energy dipole moment, rotational constants (GHZ) are listed in Table 
2, bond length and bond angle are listed in Table 3. From the conformer of CF3CBrCH2 and the calculation results in Tables 
1~3, it is concluded that the bond length between C3 and bromine is longest and the bond energy is smallest, so the bond 
between bromine and carbon fractures earliest when CF3CBrCH2 meets with flame. The next bond that fractures easily is 
the bond between C1 and C2. When these bonds are fractured, there are bromine and CF3 radicals generated 
correspondingly. According to the results, CF3CBrCH2 decomposition processes when it meets with flame describe as 
following: CF3CBrCH2  CF3, HBr  CF2O FCO, HF  CO. 
Table 1. Cartesian coordinates of the two stabilization conformation (Å) 
Number Atomic 
       Conformer 1(E)          Conformer 2(Z) 
X Y Z X Y Z 
1 
2 
3 
4 
5 
6 
7 
8 
9 
C 
C 
C 
Br 
H 
H 
F 
F 
F 
-1.450969 
-0.667433 
0.577562 
1.598957 
1.111696 
-1.194748 
-2.581066 
-1.840767 
-0.759879 
-1.327526 
-0.139060 
0.076184 
1.567556 
-0.576422 
0.520722 
-0.947211 
-2.091782 
-2.123935 
-0.263686 
0.198102 
-0.201379 
0.361436 
-0.877333 
0.875939 
-0.905571 
0.784079 
-1.105964 
-1.562969 
-0.800146 
0.497090 
1.747511 
0.954174 
-1.401142 
-2.869995 
-1.503536 
-1.128665 
-0.200581 
1.076717 
1.273936 
-0.009580 
2.237198 
1.906761 
-0.002322 
-0.651943 
-1.202303 
-0.254730 
-0.458597 
-0.255885 
0.350671 
-0.434862 
-0.811915 
-0.544650 
1.016700 
-1.051098 
 
Table 2. Energy of the two conformers, zero point vibration energy, dipole moment and Rotational constants (GHZ) 
Conformer 
Energy 
Dipole(D) 
Rotational constants (GHZ) 
b3lyp(a.u.) ZPVE(kcal/mol) A B C 
1 
2 
-2989.3088327 
-2989.3036514 
29.59 
29.60 
1.55 
2.81 
5.214 
4.186 
0.592 
0.887 
0.587 
0.841 
                            
           Conformer 1                                                                      Conformer 2 
Fig. 2. Stereo conformation figure of CF3CBrCH2, optimized by b3lyp/6-311++G** method. 
From some former research, we know that in the process of steady-state approximation, CF3, CF2O, FCO, OH, O and F 
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are changed into stable substance, and the reaction of the elementary steps [17-19] are: 
CF3 + O  CF2O + F; CF2O + H = FCO + HF; FCO + M = F + CO + M; F2 + H = HF + F; F + F + M  F2 + M 
Starting from above elementary reactions and using these steady-state approximations, the overall steps are obtained [20]: 
CF3CBrCH2  6H + 3H2O  HBr + 3HF + 5H2 + 3CO 
In order to simplify these reactions, all of the reactions are presumed to be irreversible in this paper. The overall step is a 
net chain-breaking step because it consumes six radicals and forms relatively stable compounds. The chain-breaking effect 
of CF3CBrCH2 is greater than that of CH4 because only two radicals are consumed if there are no CF3CBrCH2 added [21]. 
This chain-breaking effect of CF3CBrCH2 is responsible for the chemical inhibition of the flame. Besides that, HBr 
scavenge radicals of H and OH and form radical Br and water [22, 23], the reaction rate is:  
Table 3. Optimized geometry parameter: bond length (Angstroms), bond angle (Degrees) 
Conformer 1  Conformer 2 
Name Definition Value Name Definition Value 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
R(1,2) 
R(1,7) 
R(1,8) 
R(1,9) 
R(2,3) 
R(2,6) 
R(3,4) 
R(3,5) 
A(2,1,7) 
A(2,1,8) 
A(2,1,9) 
A(7,1,8) 
A(7,1,9) 
A(8,1,9) 
A(1,2,3) 
A(1,2,6) 
A(3,2,6) 
A(2,3,4) 
A(2,3,5) 
A(4,3,5) 
D(7,1,2,3) 
D(7,1,2,6) 
D(8,1,2,3) 
D(8,1,2,6) 
D(9,1,2,3) 
D(9,1,2,6) 
D(1,2,3,4) 
D(1,2,3,5) 
D(6,2,3,4) 
D(6,2,3,5) 
1.5016 
1.3534 
1.3505 
1.3514 
1.3277 
1.084 
1.8918 
1.0811 
109.6881 
112.9389 
112.7833 
107.046 
107.0204 
107.0324 
127.0098 
114.4525 
118.5374 
126.4395 
121.3426 
112.2179 
178.9468 
-1.2223 
59.6385 
-120.5306 
-61.8778 
117.9532 
-0.0433 
179.8964 
-179.8681 
0.0716 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
A11 
A12 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 
D10 
R(1,2) 
R(1,7) 
R(1,8) 
R(1,9) 
R(2,3) 
R(2,6) 
R(3,4) 
R(3,5) 
A(2,1,7) 
A(2,1,8) 
A(2,1,9) 
A(7,1,8) 
A(7,1,9) 
A(8,1,9) 
A(1,2,3) 
A(1,2,6) 
A(3,2,6) 
A(2,3,4) 
A(2,3,5) 
A(4,3,5) 
D(7,1,2,3) 
D(7,1,2,6) 
D(8,1,2,3) 
D(8,1,2,6) 
D(9,1,2,3) 
D(9,1,2,6) 
D(1,2,3,4) 
D(1,2,3,5) 
D(6,2,3,4) 
D(6,2,3,5) 
1.4965 
1.3542 
1.3542 
1.3496 
1.3251 
1.083 
1.8932 
1.0808 
111.1102 
111.109 
113.1486 
106.5608 
107.2927 
107.2922 
121.8624 
114.9622 
123.1754 
123.04 
123.6963 
113.2637 
-120.7774 
59.2235 
120.7619 
-59.2373 
-0.007 
179.9939 
-179.9988 
0.0005 
0.0002 
179.9996 
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This process also breaks the combustion reaction. So CF3CBrCH2 owns high fire-extinguishing efficiency. 
4. The fire suppression efficiency of CF3CBrCH2  
4.1. Test set up and procedure 
In this paper, fire extinguishing tests were conducted in a 1.0 m × 1.0 m × 1.0 m glass-walled enclosure shown 
schematically in Fig. 3. Three K-type thermocouples were located along the pool centre line to measure the temperature. A 
CCD camera was used to visualize the fire suppression process. An electric balance was used to measure the fire 
extinguishing agent mass loss. In addition, a 0.25 m diameter pan with a lip height of 0.05 m was used for the n-heptanes 
pool fire test. The liquid fuel weighed 0.15 kg and 20 s of pre-burn time was allowed to reach steady burning conditions 
[24]. 
However, CF3CBrCH2 is liquid at room temperature and atmospheric pressure, so it is difficult to spray out compared 
with inert gases. In order to keep CF3CBrCH2 releasing into fire area quickly, nitrogen was mixed with it. In this paper, the 
binary fire-extinguishing agent of nitrogen and CF3CBrCH2 was used in experiments and the fire-extinguishing efficiency of 
CF3CBrCH2 was discussed.  
 
Fig. 3. Schematic diagram of the experimental apparatus. 1. nozzle. 2. thermocouples; 3. pool fire; 4. video camera; 5. valve; 6. fire-extinguishing agent 
container; 7. electronic balance. 
4.2. Result and discussion 
In the influence of mole fraction of CF3CBrCH2 to fire extinguishing efficiency tests, nitrogen was mixed with 
CF3CBrCH2 to form the binary fire extinguishing agent and the operating pressure was 1.2 MPa. From Fig. 4, it is seen that 
when the mole fraction of CF3CBrCH2 is 0.3, the required amount of fire extinguishing agent that suppress fire is about 100 
g and the fire-extinguishing time is 15 s. This result proves that CF3CBrCH2 fire suppression efficiency is higher that Halon 
1301. However, when the mole fraction of CF3CBrCH2 is higher, the required amount of fire extinguishing agent and the 
fire extinguishing time is not sensitive to CF3CBrCH2 mole fraction change. This phenomenon is explained by the following 
theory:  
The extinguishment of flames is achieved by: (1) reducing the concentration of oxygen to a point where combustion 
ceases (dilution effect) – (2) reducing the flame temperature to a point that no activated atoms or free radicals are formed 
(cooling effect) – (3) reducing the concentration of free radicals and thus interrupting the flame chemistry of the chain 
reaction of combustion (chemical effect) [25]. Nitrogen extinguished fire mainly by physical means (dilution and cooling 
effects) [26]. CF3CBrCH2 suppresses fire mainly by chemical means and therefore the ability of the compound to remove 
free radicals is important [27, 28]. For binary fire suppressant contains nitrogen and CF3CBrCH2, both physical and 
chemical effects become important. Nitrogen reduces the flame temperature, which in turn decreases the number of free 
radicals produced in the fire. Fewer number of free radicals means that less CF3CBrCH2 is needed to extinguish the fire. The 
amount of CF3CBrCH2 demanded depends on temperature, and the temperature of the fire is a function of the amount of 
nitrogen present. It is the reason that when the CF3CBrCH2 was mixed with nitrogen, the fire extinguishing efficiency of the 
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binary fire extinguishing agent is changed. Besides that, when the mole fraction of CF3CBrCH2 is high, the dilution effect 
and cooling effect are not prominent because the content of nitrogen is too low. So when CF3CBrCH2 mole fraction is high, 
the fire extinguishing efficiency is not sensitive to mole fraction change. 
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Fig. 4. The fire extinguishing efficiency versus the CF3CBrCH2 mole fraction.        Fig. 5. The fire extinguishing efficiency versus the operating pressure. 
In tests that study the influence of operating pressure to fire extinguishing efficiency, the mole fraction of CF3CBrCH2 in 
binary fire-extinguishing agent is 0.5 and seven tests were done for different operating pressure. When the operating 
pressure is low, the flame has no evidently change at first, and then the fire is controlled and extinguished in less than 35 s. 
However, when the operating pressure is high, the flame size was quickly reduced and eventually extinguished at 2 s. The 
above processes are reflected in Fig. 6 and Fig. 7, which indicate that the temperature change of the flame with the operating 
pressure is 0.6 MPa and 1.2 MPa. As the Fig. 5 shown, in general trend, with the operating pressure increase, the fire-
extinguishing time and the amount of the fire-extinguishing agent that required to suppressing fire is decrease. However, if 
the operating pressure is above 0.8 MPa, it is not sensitive to operating pressure. There are two effects that play roles on the 
fire extinguishing efficiency. One is that the momentum of fire extinguishing agent is increasing with the operating pressure 
increase. The other is operating pressure has great effect on the time that the binary fire-extinguishing agent reached the 
fire-extinguishing content. When the operating pressure is increased from 0.6 MPa~0.8 MPa, the first effect plays a lead 
role and the momentum of fire extinguishing agent was in the course of change from could not penetrate through fire plume 
to could penetrate through it, so the fire extinguishing time is charge abruptly. However, when the operating pressure is 
above 0.8 MPa, the first effect has no role and only the second effect take a role, so the fire extinguishing time have no 
sensitive change. Besides that, when the operating pressure is low, the means that binary fire extinguishing agent put down 
fire is total flooding and CF3CBrCH2 could not evaporate completely. When the fire operating pressure is high, because the 
fire is below the nozzle and the momentum of fire extinguishing agent is high enough to through fire plume, so the means of 
fire extinguishments is partly local protection. So the amount of the fire-extinguishing efficiency is as the Fig. 5 shown. 
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Fig. 6. Temperature profiles above pool fire with 0.6 MPa operating pressure. Fig. 7. Temperature profiles above pool fire with 1.2 MPa operating pressure. 
5. Conclusions 
In this paper, a commercially viable synthesize process was explored based on CF3CH=CH2 and liquid bromine. The 
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purity of CF3CBrCH2 that yielded in the finally production is 92.35 wt%. Besides that, the conformer, bond energy and 
bond angle of CF3CBrCH2 are calculated by DFT method. According to the calculation result, we draw a conclusion that 
when CF3CBrCH2 is added into the flame, it decomposes and forms CF3, HBr, CF2O, FCO, HF, so a great deal of radicals H 
and OH are scavenged and the flame is extinguished effectively. Furthermore, the fire extinguishing efficiency of binary fire 
extinguishing agent of CF3CBrCH2 and nitrogen is measured by a series tests. The results show that when nitrogen is mixed 
with CF3CBrCH2, CF3CBrCH2 can release into fire area easily and the fire extinguishing efficiency of nitrogen is improved 
abruptly. So the binary fire extinguishing agent of CF3CBrCH2 and nitrogen is a potential Halon replacement and owns the 
industrializing potential. 
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